We revisit the cosmological viability of the Hu & Sawicki modified gravity scenario. The impact of such a modification on the different cosmological observables, including gravitational waves, is carefully described. The most recent cosmological data, as well as constraints on the relationship between the clustering parameter σ8 and the current matter mass-energy density Ωm from cluster number counts and weak lensing tomography, are considered in our numerical calculations. The strongest bound we find is |fR0| < 3.8 × 10 −8 at 95% CL. Forthcoming cluster surveys covering 10,000 deg 2 in the sky, with galaxy surface densities of O(10) arcmin −2 could improve the precision in the σ8-Ωm relationship, tightening the above constraint.
I. INTRODUCTION
Current cosmological observations have robustly confirmed that the universe is expanding at an accelerating pace [1, 2] . Unraveling the nature of the physics responsible for such a phenomenon is, together with the dark matter puzzle and the generation of the primordial perturbations which seeded the observed structures in our universe, one of the most important problems in modern cosmology.
Understanding such accelerated expansion might lead to a revolution in our knowledge of particles and/or fields. The simplest and most minimal explanation is to ascribe it to the presence of a vacuum energy density, i.e. a cosmological constant Λ, dominating the energy budget of the universe. This is the so-called ΛCDM scenario, which corresponds to a flat universe made up of roughly 25% of dark matter, 5% normal matter, and 70% vacuum energy. This simple and economical scenario is in spectacular agreement with existing observations, however it is extremely fine-tuned [3, 4] . An alternative possibility is to allow for a more general fluid, a dark energy fluid, with an equation of state w different from that of a cosmological constant, i.e. w = −1. Unlike in the ΛCDM scenario, this parameter might change during the expansion history. Scalar field models, in which dark energy is identified with a quintessence scalar field [5] [6] [7] [8] , are also a possible option to explain the current accelerated expansion. However, these models have the same fine-tuning problem of the cosmological constant, as there is no symmetry in nature to explain the tiny value of the minimum in the quintessential potential.
The third possibility, which is the one explored in this work, relies on infrared modifications of the gravitational sector. Modified gravity involves a modification of Einstein equations on large scales, incorporating a plethora of models with either extra spatial dimensions or with an action which is non-linear in the curvature scalar (the so-called f (R) theories, [9] ) or higher order curvature invariants [10] , see Ref. [11] for a complete review. Among all the possible models, we shall focus here on f (R) theories. Early work on the observational consequences of these theories concluded that they are compatible with both universe's background measurements [12] as well with data involving perturbed quantities [13] . However, these models may not satisfy solar system constraints, because of the presence of an additional scalar degree of freedom, f R ≡ df /dR, that mediates a long-range fifth-force [14] . Hu & Sawicki proposed a f (R) model which evades solar system constraints, while mimicking ΛCDM at late times [15] . In the following, we shall restrict ourselves to this model and to its observational signatures. Current cosmological constraints as well as the expected errors from future surveys on the parameters governing this model have been previously addressed by a number of authors [16] [17] [18] [19] [20] [21] [22] . Here we review the Hu & Sawicki model, paying special attention to the B-mode signal in light of the recent BICEP2 data [23, 24] , as in Refs. [25, 26] , where f (R) theories have been analysed considering the impact on the gravitational wave spectrum.
The structure of the paper is as follows. We start in Sec. II with a brief introduction of the Hu & Sawicki model, describing its general behaviour, limits, and most important features. Section III focuses on the impact of the model on the different cosmological observables, such as on the Cosmic Microwave Background (CMB) Integrated Sachs-Wolfe effect, lensing and gravitational wave signals, as well as on cluster number counts and on weak lensing tomography. In Sec. IV, we describe the method and the data used in the cosmological analyses. The constraints arising from these analyses are presented in Sec. V. In Sec.VI, we present our conclusions.
II. THE HU & SAWICKI MODEL
The Hu & Sawicki model is described by the action
In the above equation, L m refers to the matter Lagrangian, κ 2 = 8πG N and the f (R) is given in terms of the Ricci scalar R by
It follows that Eq. (8) can be expressed as
After solving the background equations in terms of the new variables y H = (H 2 /m 2 ) − a −3 and y R = (R/m 2 ) − 3a −3 , we obtain the Hubble parameter in the Hu & Sawicki model:
To analyse linear perturbations, we shall adopt the conformal Newtonian gauge, where the line element reads
where φ and ψ are the usual metric perturbations variables and h ij is the physical tensor mode satisfying h ii = ∂ i h ij = 0 (traceless and transverse). The i − j (i = j) component of the Einstein equations reads as [27] ( 
ΛCDM no tensors. Planck T T data. where the dot refers to derivative with respect to the time variable t and Π is the anisotropic stress tensor, present for non-perfect fluids, satisfying Π ii = ∂ i Π ij = 0 (transverse and traceless), which includes the anisotropic stress of both photons and neutrinos. Notice that, neglecting these lasts, the ratio of the metric perturbations is no longer 1. As we shall see in the following, this gravitational slip between the metric perturbations is a very distinctive feature of modified gravity scenarios, which will help in distinguishing these models from other dark energy schemes.
III. MODIFIED GRAVITY AND COSMOLOGICAL OBSERVABLES

A. CMB: ISW effect and lensing
The Integrated Sachs Wolfe (ISW) effect [28] arises from the time variation of the gravitational potentials. The corresponding additional contribution to the CMB temperature anisotropy (∆T /T ) ISW measures the timedependence of the gravitational potentials along the lineof-sight, and is therefore proportional to (ψ +φ). Modified gravity models can lead to a non-negligible signature in the ISW effect at late times, when the effects of the acceleration of the universe are important * . The nonzero anisotropic stress caused by the new terms arising in f (R) theories becomes then significant, leading to a modification of the temperature anisotropies at low multipoles, see Eq. (13) . The ISW effect in the context of Hu & Sawicki gravity has been explored by a number of authors, see Refs. [21, 29, 30] . In the bottom panel of Fig. 1 , we plot the ISW effect for several possible values of the parameters of the model, together with the ΛCDM prediction (in dashed lines), the cosmic variance uncertainty and the Planck low-temperature data [1] . The largest departure from the canonical ΛCDM predictions appears at large values of |f R0 | ∼ 10 −2 . In general, the ISW effect decreases monotonically as |f R0 | increases, showing a mild sensitivity to the value of n, in agreement with the findings of Ref. [29] . The top panel of Fig. 1 depicts the relative difference with respect to standard ΛCDM predictions, of the ISW effect in the Hu & Sawicki scenario, for the same combination of parameters of the bottom panel. As previously stated, there is always a suppression of power due to the different ISW effect in this family of modified gravity models.
CMB lensing measurements are, together with the ISW effect, another powerful CMB probe to test the nature of the current universe's accelerated expansion. It was soon realised that the CMB lensing signal will also be affected by the non-vanishing anisotropic stress that naturally appears in f (R) theories [31, 32] , as the lensing potential is the sum of the two metric perturbations Φ = ψ + φ [33] . In f (R) theories, the lensing potential will therefore depend on an anisotropic stress which arises exclusively from the gravitational sector. More concretely, in the quasi-static approximation, for sub-horizon modes, the CMB lensed power spectrum will be modified with an additional factor which scales like the square of the gravitational slip between the metric perturbations (see e.g. [25] for a recent treatment).
B. Effect of modified gravity on CMB tensor modes
In standard general relativity, Einstein equations for the tensor perturbations are given bÿ
where Π ij is the anisotropic stress tensor and we have followed the notation of Ref. [34] . In modified gravity models, as previously stated, there is an anisotropic stress contribution from the gravitational sector, see Eq. (13) . Such anisotropic stress has been extensively explored in the literature via different parameterisations [35, 36] † . The effect of such an anisotropic stress in the B-mode lensed signal for a particular case of modified gravity has been recently explored by the authors of Ref. [25] .
Here, we follow a different approach: rather than parameterising the anisotropic stress induced by the modified gravity model explored here (as in Ref. [25] ), we derive the evolution equations for tensor perturbations in the presence of a generic f (R) (see also Refs. [11, 39] ):
(15) Using the expression of Ricci scalar, R = 6(2H 2 +Ḣ), the tensor perturbation equations in f (R) theories reads
Notice that in f (R) gravity scenarios, the tensor equations are modified, containing a new damping term and an additional factor in the source term. Since f (R) gravity models have an impact on the universe's evolution solely at late times, when the neutrino and radiation energy densities are negligible compared to the rest of the universe's components, the modification introduced by f (R) theories in the tensor equation source term turns out to be negligible. However, the additional damping term in Eq. (16) can affect the tensor perturbation evolution, see Fig. 2 for an illustration of this effect on the predicted B-mode spectrum, for a tensorto-scalar ratio r = 0.2 and several possible values of the scale at which modifications of gravity switch on, a f(R) = 0.03, 0.05, 0.1, 0.2 and 0.3 (from the bottom to the top). We have also depicted the recent BICEP2 data [23] as well as the ΛCDM prediction (illustrated by the dashed curve). Note that there is a suppression of the B-mode power spectrum with respect to the predictions for a ΛCDM scenario. The suppression grows as the scale factor a f(R) decreases, that is, the earlier modified gravity starts operating, the larger the suppression in the tensor spectrum. This reduction in the B-mode amplitude is independent of the Hu & Sawicki model parameters f R0 and n. This behaviour is due to the fact that f R 1 and both f R , f RR are proportional to |f R0 |, † Modified gravity models are not the only ones inducing a nonzero anisotropic stress. There are also some possible dark energy models, with non-standard fluids, in which an additional contribution to the total anisotropic stress may arise [36] [37] [38] .
making Eq. (16) behave as an over-damped harmonic oscillator. The depletion of the gravitational wave spectrum appears at small multipoles < 10 (see Fig. 2) i.e. at late times, where modifications of gravity start to be relevant. However, this multipole interval is clearly dominated by cosmic variance, making the task of distinguishing f (R) scenarios from ΛCDM through their Bmode signature extremely difficult and challenging. This conclusion might be avoided if the modifications of gravity start to be dominant at earlier times z 20, in which case structure formation measurements would put severe constraints on their viability.
C. The σ8-Ωm degeneracy
Galaxy Clusters
Galaxy clusters are by far the largest virialised objects in the universe, and therefore they provide a unique way to probe the cosmological parameters. Cluster surveys usually measure the cluster number count function dN/dz; the number of clusters of a certain mass M within a redshift interval (bin) z + δz, which, for a given survey, reads where f sky = ∆Ω/4π is the fraction of sky covered by the survey and
The cluster number count function is related to the underlying cosmological parameters, resulting in useful constraints. While the redshift is relatively easy to measure, the main uncertainty in this procedure comes from the cluster mass, determined through four main available methods: X-rays, velocity dispersion, SZ effect, and weak lensing. The overall error in the cluster mass determination is usually around ∆M/M ∼ 10%. Moreover, in order to relate the cluster number count function to the cosmological parameters, one has to input a mass function dn(z, M )/dM describing the abundance of virialised objects at a given redshift. This mass function is obtained through N -body simulations (see e.g. Ref.
[40]), and depends on both the matter mass-energy density and on the standard deviation (computed in linear perturbation theory) of the density perturbations
where P (k) is the matter power spectrum, W (kR) the top-hat window function,
and R is the comoving fluctuation size connected to the mass scale M as R = (3M/4πρ m ) 1/3 . Taking into account these inherent uncertainties, there are still some degeneracies in the cosmological parameters probed by cluster surveys. The most-known one is the σ 8 -Ω m degeneracy, where Ω m ≡ ρ m /ρ c is the current dark matter mass-energy density (normalised to the critical density) and σ 8 is the the root-mean-squared of density fluctuation in spheres of 8 h −1 Mpc radius, see Eq. (19) . Therefore, the cosmological parameter constraints extracted from cluster number counts are usually reported by means of a relationship between the matter clustering amplitude σ 8 and the matter mass-energy density Ω m parameters. More concretely, cluster catalogues provide the measurement of the so-called cluster normalisation condition, σ 8 Ω γ m , where γ ∼ 0.4 [41] [42] [43] . Here we will consider the cluster number counts as a function of the redshift from the Planck Sunyaev-Zeldovich (PSZ) catalogue [44] , as we will carefully describe in Sec. IV. In modified gravity theories, the matter power spectrum P (k), and consequently the σ 8 parameter, are both modified in a non-trivial way, due to the presence of additional contributions in the perturbed Einstein equations. The linear matter power spectrum for a generic f (R) theory can be found in Ref. [27] , while the non-linear clustering in the case of the Hu & Sawicki scenario has been recently explored numerically, using N -body simulations [30] , and analytically, via modifications of the HALOFIT ‡ function [47] . region from Planck temperature data for this parameter, σ 8 = 0.829 ± 0.012 [1] . The value of the σ 8 parameter shows a clear departure from the 1σ allowed region by Planck data. For a fixed value of the n parameter, this departure increases with the value of |f R0 |. Furthermore, this departure is more significant for smaller values of n 1, as expected from the naive analytical analysis performed in Sec. II. The right panel of Fig. 3 shows, in the (Ω m , σ 8 ) plane, as a shaded region, the 3σ constraints from the PSZ catalogue measurement of the σ 8 -Ω m relationship, σ 8 (Ω m /0.27) 0.3 = 0.764 ± 0.025 (at 68% CL) [44] . The largest solid red contours depict the 68% and 95% CL constraints in the (Ω m , σ 8 ) plane arising from Planck temperature data in the context of the Hu & Sawicki f (R) scenario, while the smallest dashed blue regions show the 68% and 95% CL constraints in the same plane after combining Planck temperature and SZ cluster measurements, as we shall describe in the following section. Notice that the allowed parameter region by Planck temperature data is noticeably reduced when adding the PSZ cluster catalogue data, allowing only small values for the σ 8 parameter and therefore constraining |f R0 | to be smaller than ∼ 10 −6 . These findings will be fully explained and described in Sec. V.
Weak lensing tomography
Weak lensing tomography probes the matter power spectrum P (k) via the correlations induced in the observed shape of distant galaxies by large scale structure. The observed ellipticity of a distant galaxy obs is related to its intrinsic ellipticity s by means of the cosmic shear γ: obs = s +γ. The 2-point shear correlation function is then obtained after averaging over all galaxy pairs distant by an angle θ. Therefore, the galaxy sample is divided into redshift bins, cross-correlating the extracted shear after summing after over all possible galaxy pairs in the two redshift bins i and j. This estimate needs to be compared with the theoretical prediction for the 2-point shear correlation function, which depends on the underlying cosmology via the convergence power spectrum in the i, j redshift bins
where H 0 is the current value of the Hubble parameter, χ is the comoving radial distance, χ is the comoving angular diameter distance and χ h is the horizon distance. The factors g i (χ ) and g j (χ ) are the lensing weights, which depend on the normalised galaxy distribution in each of the redshift bins, see e.g. Refs. [48, 49] . Weak lensing measurements alone are only sensitive to the overall amplitude of the matter power spectrum P (k), which in turn depends on a combination of the σ 8 parameter and the current matter mass-energy density Ω m . Tomographic lensing surveys provide therefore additional and independent constraints on the relationship between σ 8 and Ω m .
IV. METHOD AND COSMOLOGICAL DATASETS
The Hu & Sawicki f (R) gravity model explored here is described by the following parameters:
where ω b ≡ Ω b h 2 and ω c ≡ Ω c h 2 are the physical baryon and cold dark matter energy densities, Θ s is the ratio between the sound horizon at decoupling and the angular diameter distance to the last scattering surface, τ the optical depth to reionisation, n s is the scalar spectral index, A s the amplitude of the primordial spectrum and the parameters |f R0 | and n are the Hu & Sawicki parameters, see Eqs. (2) and (4). The priors used for these parameters are specified in Tab. I.
For numerical purposes, we have used the modified version of the publicly available Boltzmann CAMB code [50] for modified gravity models, MGCAMB [51, 52] , extracting the cosmological parameters with the Monte Carlo Markov Chain (MCMC) package cosmomc [53] .
Our basic dataset is the Planck CMB temperature anisotropies data, including also the lensing likelihood, see Refs. [54, 55] , together with the 9-year polarization data from the WMAP satellite [56] . The likelihood for the former datasets is computed by means of the Planck collaboration publicly available likelihood tools, see Ref. [55] for more details.
The BICEP2 collaboration, after three years of collecting data, has recently reported evidence for the detection of B-modes in the multipole range 30 < < 150 [23, 24] , with 6σ significance. However, as we have seen before, the effects of the modified gravity model studied here on the tensor spectrum appear in the < 10 multipole range, region not covered by the BICEP2 data, where cosmic variance dominates. Therefore, we shall neglect the analysis of tensor modes in the following. We have also considered Baryon Acoustic Oscillations (BAO) data, which are the imprint of the competition between gravity and radiation pressure in the coupled baryon-photon fluid before the recombination era. The BAO data considered here include the 6dF galaxy survey measurements at a redshift z = 0.106 [57] and the WiggleZ Survey BAO measurements at z = 0.44, 0.6 and 0.73 [58] . These former measurements refer to the spherically averaged clustering statistics, which is a function of the angular diameter distance and the Hubble expansion rate at a given redshift. However, if measurements of the BAO signature along and across the line of sight are feasible, a separate measurement of the Hubble parameter and the angular diameter distance are possible. The Data Release 11 (DR11) from the Baryon Oscillation Spectroscopic Survey (BOSS) [59] experiment, part of the Sloan Digital Sky Survey III (SDSSIII) program [60] , provides, at an effective redshift of 0.57, D A (z = 0.57) = 1421 ± 20 Mpc × (r s (z drag )/r s,f id ) and H(z = 0.57) = 96.8 ± 3.4 km/s/Mpc ×(r s (z drag )/r s,f id ) [61] , where r s,f id = 149.28 Mpc is the sound horizon at the recombination period in the fiducial model and z drag is usually defined as the epoch in which the drag optical depth equals 1. We have also exploited the BOSS Lyman alpha forest BAO signature [62] . The corresponding effective redshift is z = 2.36, and the constraints are c/(H(z = 2.36)r s (z drag ) = 9.0 ± 0.3 and D A (z = 2.36)/r s (z drag ) = 10.8 ± 0.4 Mpc.
As previously discussed, independent constraints on the power spectrum amplitude σ 8 and on the dark matter mass-energy density Ω m are obtained from the abundance of clusters as a function of the redshift. We shall consider here the cluster number counts as a function of the redshift from the Planck Sunyaev-Zeldovich (PSZ) catalogue, the largest SZ cluster sample with 189 galaxy clusters [44] . The relationship between the matter clustering amplitude and the matter mass-energy density is σ 8 (Ω m /0.27) 0.3 = 0.764 ± 0.025. Since the value of the σ 8 parameter is degenerate with the cluster mass bias, fixing the bias parameter to the value obtained from numerical simulations improves considerably the error on the σ 8 -Ω m relationship: σ 8 (Ω m /0.27) 0.3 = 0.78 ± 0.01.
We shall refer to the optimistic and pessimistic case as (1) and (2), respectively. On the other hand, other independent constraints on the relationship between σ 8 and Ω m arise from tomographic weak lensing surveys via measurements of the galaxy power shear spectra. The CFHTLens survey finds σ 8 (Ω m /0.27) 0.46 = 0.774
−0.041 [49] , after analysing six tomographic redshift bins ranging from z = 0.28 to z = 1.12.
The relationship between σ 8 and Ω m from both the PSZ clusters catalogue and the CFHTLens experiment are added in our analyses by applying these constraints to our Monte Carlo Markov chains. In order to do so, we perform a post-processing of the MCMC chains obtained from the analysis of the CMB and BAO data described above.
We conclude this section by commenting on the compatibility of the datasets used in the present analysis. The σ 8 measurements from cosmic shear and cluster counts show both a 2σ discrepancy with Planck CMB temperature power spectrum estimates (see Sec. 5.5 of Ref. [1] ). This tension could be due to biases in the calibration of cluster masses, and including extra parameters in the minimal ΛCDM model may help in reconciling these two datasets [63] [64] [65] . In the present analysis, we will follow as well this quite non-conservative approach, using this additional independent σ 8 -measurements to further constrain the Hu & Sawicki model parameters.
V. RESULTS
We show in Table II the 68% CL errors on the σ 8 and the Ω m parameters, as well as the upper 95% CL limits on the |f R0 | Hu & Sawicki parameter, for the different possible data combinations explored in this study. Notice that we do not show the limits on the n parameter, as both the 95% CL upper and lower limits coincide with the upper and lower priors respectively. This is related to the fact that the effect of n on the cosmological observables is much milder than the effect induced by f R0 . Indeed, while smaller values of |f R0 | will produce cosmological histories closer to a ΛCDM expansion model, a larger value of n will mimic the ΛCDM scenario the until later in the expansion history [15] . However, modifications of gravity start to be important at relatively low redshift, and therefore the impact of n is not as significant as the one of f R0 .
The 95% CL limit we get on |f R0 | after combining CMB data with BAO measurements is |f R0 | < 2.6×10 −4 , limit which is similar to the recent limit quoted in Ref. [22] , |f R0 | < 3 × 10 −6 (at 68% CL) and it is milder than the one found using the WiggleZ survey [66] , |f R0 | < 1.4 × 10 −5 at 95% CL. However, once that we add weak lensing tomography information on the σ 8 -Ω m relationship from CFHTLens, we get |f R0 | < 3.3 × 10 −6 at 95% CL, limit which is better than the recent [22] and similar to the limit |f R0 | < 3 × 10 −6 at 95% CL found in Ref. [67] studying strong lensing galaxy signals. If we instead use the PSZ catalogue, the 95% CL upper limits on |f R0 | are 3.8 × 10 −8 (9.3 × 10 −7 ) for the optimistic (pessimistic) case described in the previous section. When comparing our more optimistic case (|f R0 | < 3.8 × 10 −8 at 95% CL) to the limits arising from galactic physics, either from distance indicators (|f R0 | < 5 × 10 −7 at 95% CL [68] ) or from the fifthforce effects on diffuse dwarf galaxy components [69] , we still get stronger constraints. Very recently, the authors of Ref. [70] have strengthened their latter constraints, finding that |f R0 | < 1.5 × 10 −6 at a significance larger than 99.7% CL. Our more optimistic case is still competitive with this bound, as our upper 99.7% CL limit is |f R0 | < 7.8 × 10 −7 .
Table II also shows that, when considering additional cluster SZ data or weak lensing tomography measurements, the mean values of σ 8 are shifted towards smaller values, and the errors on this parameter are reduced roughly by a half. Figure 4 , left panel, depicts the 68% and 95% CL allowed regions in the (σ 8 , |f R0 |) plane for different possible data combinations. Notice that the regions arising from the analysis to Planck and BAO data show a degeneracy which is identical to that shown in the left panel of Fig. 3 , indicating that |f R0 | is positively correlated with σ 8 . However, once that additional constraints on the σ 8 -Ω m relationship are included in the analysis, the degeneracy is broken and larger values of |f R0 | > 10 −6 are highly disfavoured. The right panel of Fig. 4 shows the 68% and 95% CL allowed regions in the (σ 8 , Ω m ) plane. Considering CMB and BAO data only, these two parameters show a quite large correlation, because of their very similar effects on the power spectrum normalisation, as previously observed from the mean values and errors quoted in Tab. II. When independent constraints on the relationship between these two parameters are also considered, as those from cosmic shear and/or counts of rich clusters, the correlation among them is highly reduced, as well as the errors on the clustering parameter σ 8 .
VI. CONCLUSIONS
Cosmological measurements of the Cosmic Microwave Background (CMB), of type Ia Supernovae and of the large scale structure in the universe have robustly established that the universe is currently expanding at an accelerating rate. The nature of the physics responsible for such a phenomenon remains still obscure. A possible explanation is that cosmic expansion is due to modifications in the gravitational sector at very large scales. Among the plethora of possible models, in this work, we explore the observational signatures of the Hu & Sawicki model, which satisfies solar system constraints, and depends on two parameters, f R0 and n. The effects of such a model in the Integrated Sachs Wolfe effect and in the CMB lensing have been carefully explored by some authors. However, a complete study including both tensor modes and additional constraints on the power spectrum amplitude was lacking in the literature. Here we address these issues, computing from first principles the modified gravitational wave spectrum in this model. Even if there is a modification in the damping and source terms in the tensors equations (partially induced by the non-zero anisotropic stress inherent to these family of models), the effects of the modified gravity model studied here on the tensor spectrum appear only in the < 10 multipole range. Given that this region is not covered by the BICEP2 experiment and furthermore it is cosmic variance dominated, we conclude that tensor modes can not help in distinguishing modified gravity from dark energy scenarios. Hence, we have neglected tensor modes in our numerical simulations. We have carried out a Markov Chain Monte Carlo (MCMC) analysis, using the most recent CMB and Baryon Acoustic Oscillation (BAO) datasets as well as independent constraints on the relationship between the matter clustering amplitude σ 8 and the matter mass-energy density Ω m from Planck Sunyaev Zeldovich (PSZ) cluster number counts, as well as from the CFHTLens weak lensing tomography measurements. Combining CMB, BAO and the most optimistic σ 8 -Ω m relationship from the PSZ catalogue, we obtain a bound on the parameter |f R0 | < 3.8 × 10 −8 at 95% CL. This constraint is among the tightest to date, better than those arising from strong galaxy lensing and also stronger than the recent limit |f R0 | < 3 × 10 −6 (at 68% CL) obtained from the clustering ratio observable in large scale structure surveys. It is also competitive with the very recent limit of Ref. [70] using fifth-force effects on dwarf galaxies. If we instead consider the more pessimistic approach for the PSZ catalogue, in which the cluster mass bias is taken as a free parameter, we obtain |f R0 | < 9.3 × 10 −7 at 95% CL. Concerning the other parameter describing the model, n, it turns out to be unconstrained, as its impact on the different cosmological observables is much milder than the impact of the f R0 parameter. Future cluster surveys covering 10,000 deg 2 in the sky, with galaxy surface densities of 10 arcmin −2 (30 arcmin −2 ), combined with forthcoming weak lensing data, could reach a precision in the σ 8 -Ω m relationship of 1% ( 0.06%) [42] , whereas 1.3% is the more optimistic error that we have considered here with current data. This expected reduced uncertainty in the σ 8 -Ω m relationship could improve further the bounds obtained in the present analysis.
